One of the more puzzling results in the expectations hypothesis (EH) testing literature is the Campbell-Shiller paradox (CSP). In an influential paper, Campbell and Shiller (1991) found that "the slope of the term structure almost always gives a forecast in the wrong direction for the short-term change in the yield on the longer bond, but gives a forecast in the right direction for long-term changes in short rates." This paper provides an econometric resolution to the CSP. Specifically, it shows that, by their construction, these tests can generate results consistent with the CSP if the EH does not hold-whatever the reason. Monte Carlo experiments confirm that this explanation can account for Campbell and Shiller's paradoxical results for most pairings of short-term and long-term rates considered.
with the literature itself. Unfortunately, the broader question of why the EH does not hold remains unresolved.
Knowing that these tests generate results that are consistent with the CSP when the EH does not hold has implications for applied work. First, knowing that the estimate of β is no more reliable an indicator of the validity of the EH than the estimate of λ is evidence against it, researchers will be careful not to use the magnitude of the estimate of β (or the corresponding estimate of R 2 ) as an indicator of the validity of the EH, as has been done (e.g., Mankiw and Miron 1986 , Campbell and Shiller 1991 , Roberds, Runkle, and Whiteman 1996 , Balduzzi, Bertola, and Foresi 1997 , Tzavalis and Wickens 1997 , Kozicki and Tinsley 2005 . This implication applies to tests of other financial theories based on similar equations (e.g., Campbell and Shiller 1987 , McCallum 1994b , Baillie and Bollerslev 2000 . 1 Second, these results will hopefully focus attention away from using these single equation tests of the EH and stimulate the use of alternative tests of the EH, such as the multivariate test proposed by Campbell and Shiller (1987) , which has been made operational recently by . This methodology tests the restrictions implied by the EH on a general vector autoregression (VAR) representation of the short-term and long-term rates. This test is more difficult to employ than the single equation tests that generate the CSP; however, because the VAR encompasses a wider array of alternative hypotheses than single equation tests derived under the null, it should be more powerful. Moreover, the test can be applied to a VAR with more than two interest rates or that includes other economic variables which might condition market expectations. It can also test the EH under the assumptions that interest rates are either stationary or non-stationary.
Third, knowing that by their construction these tests frequently generate the CSP results when the EH does not hold for any reason will refocus the attention away from explaining the CSP to explaining why the EH does not hold. Hence, rather than positing a particular failure of the EH and investigating whether this failure can account for the CSP, as much of the literature has done, the focus will hopefully shift to alternative ways to investigate why the EH does not hold. For example, since the predictability of the "short-term interest rate" is the essence of the EH, researchers might investigate why interest rates are difficult to predict (e.g., Diebold and Li 2003, Duffee 2002) .
The resolution of the CSP presented here is motivated by the observation that estimates of β and λ need not be zero when the EH does not hold. Indeed, the estimate of β is positively biased-biased above zero-when the EH does not hold, while the estimate of λ is negatively biased. While the analysis presented here has implications for the power of these tests, the power of these tests is not the issue. Indeed, as we will see, these tests have relatively high power, at least in the cases covered by the experiment done here.
The extent to which these features of these tests account for the CSP is investigated by a Monte Carlo experiment. Specifically, a VAR for all combinations of shortterm and long-term rates used by Campbell and Shiller (1991) is estimated by imposing restrictions that guarantee that the EH does not hold. Hypothetical longand short-term interest rates are generated from this VAR and the conventional and contrarian tests are applied to these hypothetical data. The results obtained using the actual data are then compared with the distributions of the estimates of β and λ obtained from 10,000 replications of the model. The results indicated that, for most combinations of long-term and short-term rates, estimates of β and λ obtained from the historical data could have been obtained by applying these tests to data for which the EH does not hold.
The outline of the paper is as follows. Section 1 derives the conventional and contrarian tests and demonstrates the CSP by applying these tests to an updated sample of the data used by Campbell and Shiller (1991) . Previous resolutions of the CSP are discussed briefly in Section 2. Section 3 presents an alternative resolution of the CSP. Section 4 investigates the extent to which this resolution accounts for the results presented in Section 1. The conclusions and implications are presented in Section 5.
THE CONVENTIONAL AND CONTRARIAN TESTS OF THE EH
The EH of the term structure is a proposition about the relationship between a long-term, n-period interest rate, R n t , and expected future levels of a short-term, m-period rate, R m t , n Ϫ m ϭ (k Ϫ 1)m periods in the future, where k ϭ n/m is an integer. That is,
Equation (1) states that the n-period rate is equal to the average of the market's expectation for the m-period rate over the term of the n-period rate. The constant risk premium, π n,m , may vary with the maturity of the long-term and short-term rates.
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Both the conventional and contrarian tests are derived under the assumptions that the EH is the true data generating process (DGP) and expectations are rational, i.e.,
where ν tϩmi is a mean-zero, iid white noise error. The conventional test is derived by substituting Equation (2) into Equation (1) to yield 2. Shiller, Campbell, and Schoenholtz (1983) argue that Equation (1) is exact in some special cases and that it can be derived as a linear approximation to a number of nonlinear expectations theories of the term structure.
The EH could be tested by rearranging Equation (3) and parameterizing, i.e.,
and testing the hypothesis that β′ ϭ 0. This is seldom done, however, because interest rates are unit-root or, perhaps more correctly, near-unit-root processes. Rather, the conventional test is obtained by subtracting the short-term rate from both sides of Equation (3), which yields
The conventional test of the expectations theory is then obtained by parameterizing Equation (5), which yields
The EH is tested by estimating Equation (6) and testing the hypothesis β ϭ 1. To see the implications of the EH for the expected short-term change in the longterm rate, note that Equation (1) can be rewritten as
Subtracting (n Ϫ m)R n t from both sides of Equation (7) and a little algebra yields
Again, assuming Equation (2) and parameterizing the resulting expression yields the contrarian test of the EH, i.e.,
The EH is tested by estimating Equation (9) and testing the hypothesis λ ϭ 1. Campbell and Shiller (1991) obtained their paradoxical results by estimating Equations (6) and (9) using continuously compounded yields on riskless pure discount bonds, calculated by McCulloch (1990) over the period January 1952 to February 1987 The maturity of the bonds range from 1 to 120 months and the tests were applied to all combinations of rates where k is an integer. The CSP is replicated here using an update of these data (McCulloch and Kwon 1993) for the period January 1952 to February 1991.
The CSP
The results for the conventional and contrarian tests are reported in Tables 1 and  2 , respectively. Each cell of the tables reports the estimate of the slope coefficient, the estimate of R 2 , and the significance levels for Wald tests of the null hypotheses that the slope coefficients equal 0 and 1, respectively. 5 The results are very similar to those reported by Campbell and Shiller (1991) for the sample period January 1952 to February 1987.
In all but one instance, the estimate of β is positive and, in the majority of cases, estimates of β are significantly different from zero. Moreover, as was the case with Campbell and Shiller (1991) , estimates of β are greater than 1 when the long-term rate is the ten-year rate and the EH is easily rejected at the shorter end of the term structure, but less frequently at the longer end. For a given maturity of the shortterm rate, estimates of β are larger at the short and long ends of the maturity spectrum and smaller in the intermediate range. This is what Campbell and Shiller and others have characterized as a " U-shape" pattern in the estimates of β or what Roberds and Whiteman (1999) term the "smile." This pattern is illustrated in Figure 1 , which shows the estimate of β for each long-term rate for m ϭ 1. Such results were interpreted as suggesting that the EH works better at the short and long ends of the maturity spectrum and less well in the intermediate maturity range (e.g., Campbell and Shiller 1991, Campbell 1995) .
Estimates of λ, presented in Table 2 , are again similar to those reported by Campbell and Shiller (1991) . There is a preponderance of "wrong signs" in estimates of λ. Indeed, estimates of λ are negative for every combination of long-term and short-term rates save two-0.003 and 3.581 when (n, m) is (2, 1) and (120, 60), respectively. 6 In addition, with the exceptions of n ϭ 120, the estimates of R 2 suggest that the rate spread explains virtually none of the short-term change in the long-term rate. For nearly every rate pair, the hypothesis λ ϭ 1 is rejected at a low significance level. Moreover, for a given value of m, estimates of λ tend to become more negative as n increases. Roberds and Whiteman (1999) refer to this pattern as the "smirk." The smirk is illustrated in Figure 2 , which shows the estimate of λ for each long-term rate for m ϭ 1.
PREVIOUS RESOLUTIONS OF THE CSP
There have been numerous attempts to attribute one or both of these paradoxical results to a specific violation of the EH. Perhaps the most common candidate is a 5. The standard errors are based on the Hansen-Hodrick (Hansen and Hodrick 1980) method. However, there were three instances where the estimated variances were negative. In these three instances, the Newey-West (Newey and West 1987) method was used. It is well known that the Hansen-Hodrick and Newey-West procedures can generate misleading results when the degree of overlap is large relative to the sample size, and the Wald test may be poorly sized. These statistics are used here because they are commonly reported statistics in applied work.
6. Campbell and Shiller's estimates of λ for the shorter sample were 0.002 and 4.575. time-varying risk premium. It is easy to show that if the risk premium is time varying (rather than constant as the EH hypothesizes) and positively correlated with the slope of the yield curve, estimates of β and λ will both be biased downward from their theoretical value of 1. Hardouvelis (1994) , however, argues that the timevarying risk premium is implausible and inconsistent with his evidence on its relative variability. He concludes that the time-varying risk premium explanation cannot account for the negative estimates of λ reported for U.S. data. He suggests instead that the "overreaction hypothesis" of Campbell and Shiller (1991) and Froot (1989) is a more likely explanation. The overreaction hypothesis asserts that the long-term rate overreacts to expected changes in the short-term rate. For example, when some event causes the market to raise its expectation for the future short-term rate, the long-term rate overreacts, causing the current spread between the long-term and short-term rate to increase by an amount that is larger than is warranted by future changes in the short-term rate. Hence, over time, the long-term rate falls as the short-term rate rises. This creates negative correlation between both short-term changes in the long-term rate and long-run changes in the short-term rate and the yield spread. The negative bias in estimates of λ is magnified by the fact that the yield spread in Equation (9) is weighted by (m/(n Ϫ m)), so the bias is larger, the larger the difference in maturity between the long-term and short-term rates.
The overreaction hypothesis is supported by Froot (1989) , who used survey data and found that the negative correlation between short-term changes in the longterm rate and the yield spread are not the result of a time-varying risk premium, but are due to a violation of the rational expectations assumption. Hardouvelis (1994) also finds that the overreaction hypothesis is a better explanation of the contrarian test anomalies than several alternatives, including a time-varying risk premium. Bekaert, Hodrick, and Marshall (2001) investigated the possibility that the term structure anomalies are the result of a rational version of the overreaction hypothesis. Specifically, they investigate whether these anomalies are the result of a "peso problem," where high-interest-rate regimes occur less frequently than rationally anticipated. Combining their peso problem with a time-varying risk premium they are able to generate results that are "more consistent with the data." They conclude, however, that their model "cannot fully account for U.S. term structure anomalies." 7 Balduzzi, Bertola, and Foresi (1997) suggest that the rejection of the EH is due to the market's inability to predict monetary policy-induced changes in short-term rates. They find that accounting for this possibility results in a larger estimate of β, but the EH is rejected. No attempt was made to account for the negative estimates of λ. Campbell (1995) suggests that the CSP anomalies can be explained by "changing rational expectations about excess long bond returns." When the yield spread is "high," market participants must either expect the yield on long-term bonds to be higher over its life than that of a series of short-term bonds, or they must expect short-term rates to rise. The EH rules out the former, i.e., the yield spread only 7. Bekaert, Hodrick, and Marshall (2001, p. 241). reflects rationally anticipated changes in short-term rates. Hence, Campbell (1995) argues that changing rational expectations of excess long-bond returns acts as a measurement error (e.g., Hardouvelis 1994 , Stambaugh 1988 , biasing the estimates of both β and λ. Because changing rational expectations of excess long-bond returns affects both sides of Equation (9)-positively on the rhs and negatively on the lhs-the downward bias in the estimate of λ may be severe, causing the coefficient to be negative.
In contrast, the changing rational expectations of excess long-bond returns only affects the rhs of Equation (6); hence, the bias will be less severe depending, of course, on the correlation between excess long-bond returns and long-term changes in the short-term rate. Indeed, if this correlation were negative, the estimates of β would be biased upward. Campbell suggests that the combination of predictable policy actions at short horizons (e.g., Balduzzi, Bertola, and Foresi 1997) , policymakers' incentive to make short-term rates predictable at long horizons (Goodfriend 1991 , Rudebusch 1995 , Woodford 2001 , and interest rate smoothing in the "medium run" may account for the smile illustrated in Figure 1 .
The interest rate smoothing explanation for the failure of the EH using Equation (3) was first suggested by Mankiw and Miron (1986) . They argued that the Fed's penchant for smoothing short-term interest rates accounts for both the well-documented decline in the predictability of changes in short-term interest rates and the smaller estimate of β shortly after the Fed's founding.
There have been several attempts to account for the CSP anomalies using affine models of the term structure. Roberds and Whiteman (1999) worked out the implications of a one-factor model of the term structure developed by Cox, Ingersoll, and Ross (1985) and Scott (1992, 1993) for the ability of the yield spread to predict future interest rates. They show that explaining the CSP in this model requires the ratio of the standard deviation of the term premium to the standard deviation of forecast changes in the short or long rates to be only slightly larger than unityconsiderably smaller than Hardouvelis' (1994) estimate of 31.7 for the United States. Nevertheless, they found that certain parameterizations of a two-factor model were broadly consistent with the CSP. Unfortunately, the parameter estimates were inconsistent with maximum likelihood estimates reported by Chen and Scott (1993) and the hypothetical data generated from these models were inconsistent with many of the features of the historical data. Their findings are consistent with those of Backus, Gregory, and Zin (1989) and Bansal and Zhou (2002) . Bansal and Zhou conclude that such models, including affine specifications with up to three factors, "are sharply rejected by the data." They found, however, that their two-factor regime shift model-with a regime-dependent risk premium-could account for negative estimates of λ, though not the smirk per se.
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In a similar vein, Dai and Singleton (2002) and Tzavalis and Wickens (1997) show that elements of the CSP can be resolved by allowing sufficient flexibility in 8. While their estimates of λ were negative for all of the combinations of long-term and short-term rates considered, their estimates were frequently very different from the estimates obtained using the historical data.
capturing the time-varying risk. Dai and Singleton accomplish this by showing that the typical estimates of λ can be explained by a large subclass of dynamic term structure models that allow for flexibility in the specification of the market price of risk. Tzavalis and Wickens, on the other hand, assume that the term premiums associated with different maturities are determined by a common factor. Both Dai and Singleton and Tzavalis and Wickens show that when their estimate of the risk premium is included in Equation (9), the estimate of λ is insignificantly different from unity. With the exception of these statistical models that are flexible enough to capture much of the observed variation in the term premiums, the literature has not been successful in explaining the CSP. Indeed, note that "the literature has had surprisingly little success generating risk premiums that explain the empirical evidence." 10 3. RESOLVING THE CSP Economic data are generated by an unknown DGP. Economists develop models of these DGPs and test the validity of these models. Because economic models are approximations of the true DGP, tests based on such models potentially suffer from misspecification. Misspecification can cause distortions in both the size and power of tests of hypotheses and affect parameter estimates and other summary statistics depending on the nature and extent of the misspecification.
The resolution of the CSP presented here comes from noting that the estimates of β and λ need not be zero if the EH does not hold. Campbell and Shiller (1991, p. 500) allude to this possibility, but did not pursue it. The problem can be illustrated easily by assuming that long-term and short-term interest rates are generated by independent, stationary AR(1) processes. Given this assumption, it is easy to show that
where θ is the autoregressive parameter for the short-term rate and δ is the ratio of the variance of the short-term rate to the long-term rate. Note that (10) is strictly positive and increases in both k and δ.
On the other hand,
is strictly negative. Moreover, the absolute value of Eλ increases with k. 9. Tzavalis and Wickens (1997) show that when their estimate of the risk premium is added to Equation (6), the estimate of β is also insignificantly different from unity.
10. Hodrick (2001, p. 1358 These results stem from the fact that "the tail is wagging the dog": the results are driven by the fact that R m t appears with the same sign on both sides of Equation (6) and R n t appears with opposite signs on both sides of Equation (9).
Generalizing the Bias of these Tests under the Alternative Hypothesis
The actual results depend on the nature of the true DGP for long-term and shortterm rates. Hence, it is useful to illustrate the problem more generally. This is done by noting that Equation (4) can be rewritten as
where β ϭ 1 ϩ β′. Note that Equation (12) reduces to Equation (6) if and only if β′ ϭ 0. If Equation (12) holds, but Equation (6) is estimated, the expected value of the least-square estimator of β from Equation (6) is
The second term on the right-hand side of Equation (13) is zero if and only if the EH holds, i.e., β′ ϭ 0. When, β′ Ͻ 0 (i.e., β Ͻ 1), the esimate of β will tend to be positive. It is easy to show that
Noting that σ nz րσ 2 n ϭ ρδ 1ր2 , this expression can be rewritten as
where ρ is the coefficient of correlation between R n t and R m t . The estimate of β depends on the extent to which β′ differs from zero and on the term in brackets, which might be called the relative variance factor, rvf. In general, rvf can be either positive or negative; however, it is strictly negative whenever ρ Ͻ δ Ϫ1/2 . Moreover, it is an increasing function of δ-other things the same, the estimate of β gets larger, the larger the variance of the short-term rate relative to the variance of the long-term rate. Hence, circumstances can easily arise where the estimate of β is positive when the EH does not hold.
Note that Equation (4) can also be rewritten as
which reduces to Equation (9) under the null hypothesis if and only if β′ ϭ 0. Moreover, if Equation (9) is estimated but Equation (16) holds,
Note that the term in brackets is strictly positive under exactly the same circumstances where the bracketed term in Equation (15) is strictly negative, i.e., whenever
. Consequently, estimates of λ will tend to be less than one in exactly those circumstances where estimates of β will tend to be greater than zero. The difference is that the term in brackets in Equation (17) is weighted by k, which can be large. Hence, estimates of λ can be negative.
The extent to which the conventional and contrarian tests generate results consistent with the CSP depends on two critical factors-ρ Ͻ δ Ϫ1/2 and β from Equation (6) being less than one. The first condition is generally satisfied because short-term rates tend to be more variable than longer-term rates. Indeed, this is one of the implications of the EH.
The second condition can be shown to be satisfied whenever the EH does not hold exactly for any reason. To see why, assume that rather than being generated by Equation (1), the long-term rate is generated by
This equation suggests that in addition to the market's expectation for the shortterm rate, the long-term rate is determined by other factors, where Z t denotes a vector of all other factors that determine the long-term rate, and ϕ Ͼ 0 denotes the response of the long-term rate to these factors. Using the same steps used to derive Equation (6) from Equation (1), Equation (18) can be rewritten as
Note that β* ϭ 1 is conditional on including Z t . If Equation (18) characterizes the DGP, but Equation (6) rather than Equation (19) is estimated,
This stems from the fact that by Equation (18) R n t and Z t are positively correlated. Note, however, that the same result would be obtained if R n t and Z t were negatively related, i.e., if
The above results illustrate that if the long-term rate is determined by factors other than the market's expectation for the short-term rate, β implied by Equation (6) will be strictly less than 1. Given the previous result in this subsection, this means that if the EH (Equation 1) does not hold for any reason-a time-varying risk premium, the overreaction (or underreaction) of the long-term rate to changes in expectations for the short-term rate, market segmentation, etc.-tests of the EH using Equations (6) and (9) are capable of generating results that are consistent with the CSP. The CSP can result from the facts that (a) the EH is not the true DGP processes for the long-term rate and (b) by design these tests can generate results that are consistent with the CSP when the EH is not the true DGP, whatever the reason.
It is important to note, however, that this does not necessarily imply that the term spread is not useful for predicting the short-term rate or the short-term behavior of the long-term rate. Rather, because these tests are derived under a null hypothesis, if the EH is not the true DGP for the long-term rate, they need not reflect the predictability of the term spread. To do so, other factors that determine the longterm rate need to be identified and included in the specification of the test.
A MONTE CARLO INVESTIGATION
In order to examine the extent to which these features of these tests can account for Campbell and Shiller's paradoxical results presented in Section 1, hypothetical "short-term" and "long-term" interest rates are generated where the EH does not hold, but many of the features of the historical data are preserved. The analysis in the previous section shows that the paradoxical results depend in part on the degree to which the EH is violated, with the CSP being strongest in cases where the observed long-term rate is uncorrelated with the long-term rate implied by the EH. This section shows that, in most cases, Campbell and Shiller's results can be obtained using data where the EH cannot hold. This should not necessarily be taken as evidence that the long-term rates are unrelated to the market's expectation of the short-term rate.
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In any event, to see how these hypothetical long-term and short-term rates are obtained, consider the following VAR specification for the long-term and short-term interest rates
where x t ϭ (R n t , R m t )′ and ε t is a 2 by 1 vector of iid independent shocks. The VAR specification is general enough to encompass a wide range of alternative DGPs. Moreover, it is easy to state restrictions on the VAR such that the EH does not hold.
12. One possible explanation is that market participants have difficulty forecasting the future shortterm rate beyond its current level. Diebold and Li (2003) recently document that many term structure models are unable to beat a random walk model at short horizons and only marginally improve on a random walk model at longer horizons.
To see how this is done, note that the EH implies the VAR satisfies the constraint
where e 1 and e 2 are elementary vectors that have 1 in the first and second position, respectively (e.g., Campbell and Shiller 1987 , 1991 . The restrictions implied by Equation (23) are highly nonlinear and can be tested using a LaGrange multiplier test (e.g., . While it is difficult to determine a set of necessary conditions such that the EH will not hold, it is easy to show that θ h,21 ϭ 0 for all h is a sufficient condition, i.e., θ h,21 ≠ 0 is a necessary, but not a sufficient, condition for the EH. This can be seen by noting that with the restriction θ h,21 ϭ 0 for all h, θ h is an upper triangular matrix. The sum and products of upper triangular matrices are upper triangular. Hence, under this assumption, the restriction given by Equation (23) requires 1 ϭ 0, i.e., the EH cannot hold. The intuition for this result is straightforward. The EH indicates that today's longterm rate depends on today's expectation for tomorrow's short-term rate. If the EH holds, the short-term rate must be correlated with past values of the long-term rate. Any DGP where the short-term rate is independent of past values of the long-term rate is sufficient to guarantee that the EH does not hold. The reverse is not true, however. The existence of this correlation does not establish the EH. For example, past behavior of long-term rates might provide information about the future direction of interest rates-including short-term rates. Hence, short-term rates could be correlated with past long-term rates even if the EH does not hold.
The Monte Carlo Experiment
To investigate the extent to which the proposed resolution of the CSP accounts for the results presented in Section 1, data are generated from Equation (22) imposing the condition that θ h,21 ϭ 0. Specifically, Equation (22) is estimated imposing the condition that θ h,21 ϭ 0 using the Campbell and Shiller (1991) data for the period January 1952-February 1991. 13 The VAR was estimated for the 48 combinations of long-term and short-term rates where k is an integer. Following , the lag length was determined by the Schwartz information criterion. In all but a few cases the optimal lag length was selected to be 2, so the lag length was taken to be 2.
Ten thousand samples of size 500 and 1000 are generated from the model using an iid bootstrap of the residuals obtained from the estimated VAR. The bootstrap procedure preserves the contemporaneous correlation, skewness, and kurtosis in the residuals. In each experiment, the initial 1000 observations were discarded to minimize the effect of the initial conditions. These data were used to estimate Equations 13. There were six combinations of n and m for which the VAR was unstable when the restriction was imposed. These cases were (n, m) equal (2, 1), (3, 1), (4, 1), (4, 2), (48, 24), and (120, 60) . In these instances it was also necessary to impose the restriction that the long-term rate was independent of lagged values of the short-term rate to obtain a stable model. 
The Monte Carlo Results
As noted earlier, a necessary but not sufficient condition for the EH is that coefficients on the lagged long-term rate in the short-term rate equation do not equal zero. In every case the restriction that the coefficients on lagged values of the longterm rate in the short-term rate equation are zero was rejected at a low significance level. Hence, the data satisfy the necessary conditions for the EH.
14 Despite the fact that the hypothesis θ 1,21 ϭ θ 2,21 ϭ 0 is easily rejected for all specifications, data generated from the VAR with these restrictions imposed do a reasonably good job of characterizing the historical data. Table 3 reports the mean, median, and standard deviations of the actual data and the hypothetical data generated by the VAR models. The VARs were estimated for all combinations of n and m, such that k is integer valued; however, the results were relatively insensitive to choice of n and m. Hence, to conserve space, only the statistics for m ϭ 1 are presented in Table 3 .
As was the case for Bekaert, Hodrick, and Marshall (2001) , the means are somewhat larger for the model data and the kurtosis is somewhat less than in the U.S. data. The standard deviations are also somewhat smaller, but like the actual data, they tend to be very similar for maturities up to about 36 months and then decline. 14. Dittmar and Thornton (2003) test the restriction given by Equation (23) using these data and the LaGrange multiplier test of . These restrictions are rejected at the 5% significance level or lower for maturity pairing except at the long end of the maturity spectrum.
All in all, the model generates data that appear to approximate the historical data reasonably well. Tables 4 and 5 report the results estimating the conventional test using artificial data for sample sizes 500 and 1000, respectively. Tables 6 and 7 report the analogous results for the contrarian test. The first entry in each cell is the average estimate of the parameter (β or λ), the second is the range of the parameter estimates, the third is the average estimate of R 2 , the fourth is the percentage of times that the null hypothesis that the estimated coefficient is zero is rejected, and the fifth is the percentage of times that the EH is rejected, i.e., the power of the test.
The results in Tables 4 and 5 suggest that the estimates of β are nearly always positive. The estimates are quite small for small values of k, but increase as k gets larger. The range of parameter estimates tends to be large and becomes larger, the larger the k. Both the average estimate of β and the range decrease as the sample size increases; however, estimates of β appear to decline slowly so that the frequency of rejecting the hypothesis β ϭ 0 increases. The power of the test is very high when the short-term rate is less than three years, but generally declines as k increases and is low when n ϭ 120. As expected, the power of the test improves as the sample size increases.
The results presented in Tables 6 and 7 show that the estimates of λ are nearly always negative. Moreover, consistent with the analysis in Section 3, the estimates tend to be more negative as k increases. As was the case for the conventional test, the absolute value of the estimates of λ decline as the sample size increases, albeit slowly. Hence, even for samples of 1000, negative estimates of λ less than Ϫ1 are common. The power of the test is very high for all interest rate pairs, save those with long maturities, and increases with the sample size.
These results show that the conventional and contrarian tests tend to generate results that are consistent with the CSP when the EH does not hold: estimates of β are nearly always positive, while estimates of λ are nearly always negative.
To assess the extent to which the explanation advanced in Section 3 accounts for the CSP, Tables 8 and 9 report the probability that the parameter estimates obtained with actual data could have been generated by a DGP where the EH does not hold. Specifically, the probabilities 1 Ϫ Pr(φ ≤ φ ≤ φ ) are reported, where φ is an estimate of ϕ (β or λ) obtained from the hypothetical data and φ is the estimate of these parameters reported in Tables 1 and 2. These results are reported only for sample size 500 because this sample size more nearly matches the sample sizes used to generate the results in Tables 1 and 2.   15 All of the instances where 1 Ϫ Pr(φ ≤ φ ≤ φ ) is greater than or equal to 5% are in bold. This resolution of the CSP does a better job accounting for the smirk than the smile. This is illustrated in Figures 3 and 4 , which present the smile (for m ϭ 1) obtained from Tables 1 and 4, respectively, and the smirk obtained from Tables 2  and 6 , respectively. It is clear from Figure 3 that this resolution of the CSP does not account for estimates of β when the short-term rate has a maturity of nine 15. The largest sample size is 469 observations.
TABLE 4
Monte Carlo Estimates of the Conventional Test-Sample Size 500 months or less. It also does not account for estimates of β when the long-term rate has a maturity of 120 months. In both cases, estimates of β from the hypothetical data are too small relative to the estimates obtained using historical data. Despite these limitations, using a 5% significance level as the criterion, the resolution of the CSP presented here accounts for the results for 34 of the 48 estimates of β reported in Table 1 and for 40 of the 48 estimates of λ in Table 2 . Hence, with relatively few exceptions, the Monte Carlo experiments show that the explanation advanced in Section 1 resolves the CSP.
CONCLUSIONS AND IMPLICATIONS
The EH of the term structure asserts that long-term rates are determined by the market's expectation of the short-term rate over the holding period of the long-term rate plus a constant risk premium. One of the most puzzling results in this literature is the CSP-the fact that regressions of the long-term change in the short-term rate on the spread between the long-term and short-term rates generate results that are favorable to the EH in that the term spread predicts the correct direction of the future change in the short-term rate, while an equivalent test under the null hypothesis that regresses short-term changes in the long-term rate on the term spread generates results that are unfavorable to the EH in that the term spread predicts the wrong direction of the change in the long-term rate. Previous attempts to resolve the CSP have met with limited success. Researchers have only been able to account for the CSP using statistical models that are flexible enough to capture the observed variation in the term premiums in the data. The resolution offered here is based on the observation that these tests tend to generate results consistent with the CSP when the EH does not represent the true DGP of the long-term rate. This tendency arises from the fact that, for one test, the current-period short-term rate appears symmetrically on both sides of the equation, while for the other test, the current long-term rate appears on both sides of the equation with opposite signs. Consequently, for the one test the slope coefficient will be biased toward 1 when the EH does not hold, while for the other test the estimated slope coefficient may be negative.
Monte Carlo experiments show that this explanation goes a long way toward resolving the CSP. For most combinations of the long-term and short-term rates, the results from these tests using historical data could have been generated by applying these tests to data for which the EH does not hold.
There are several implications of these results. The first is that there is really no paradox. By their design these tests tend to generate results consistent with the CSP when the EH does not hold. Given the widespread failure of the EH, the proposition that the EH does not hold can hardly be considered controversial. While analysts are understandably interested in knowing exactly why the EH does not hold, the fact that it does not hold is sufficient to account for most of Campbell and Shiller's (1991) paradoxical results.
A second implication is that the magnitude of the estimated slope coefficients and the adjusted R-squares from these tests are not useful for assessing the validity of the EH when the EH is rejected by these tests. Given that the estimates from the contrarian test were frequently negative, this has long been assumed to be true for it. The analysis presented here shows that this conclusion is equally true for the conventional test. This is important because the size of the estimated slope coefficient from the contrarian test and the size of the adjusted R-square have been used as an indicator of the potential validity of the EH, even when the EH is rejected. This implication is made more important by the fact that similar tests are used to test other important financial theories.
A third implication comes from combining the results of Bekaert, Hodrick, and Marshall (2001) with the results presented here. Bekaert, Hodrick, and Marshall demonstrate that the conventional and contrarian tests of the EH are severely positively biased in small samples when the EH holds. This bias is due to the extreme persistence in the short-term rate under the null hypothesis and remains even in a relatively large sample. As a result, they find that the evidence against the EH is much stronger using their small-sample distributions than the asymptotic distributions.
The analysis presented here complements this work by showing that these tests are biased in the direction of the CSP when the EH does not hold. As in Bekaert, Hodrick, and Marshall (1997) , these biases remain relatively severe even in very large samples. Hence, there are difficulties with these tests regardless of whether the EH holds.
Fourth, because the estimated coefficients of these equations can be severely biased away from their theoretical values under both the null and the alternative hypotheses, researchers might do well to consider alternative procedures for testing the EH. One such procedure would be to test the EH by estimating a general VAR for interest rates and imposing the restrictions imposed by the EH. This procedure was proposed by Campbell and Shiller (1987) and has recently been made operational by . This test is less sensitive to the bias noted by Bekaert, Hodrick, and Marshall (1997) , and, because VARs are able to capture comovements among rates that cannot be captured in single equations, this test should be more powerful than the conventional and contrarian tests derived under the null hypothesis. Moreover, this methodology is easily extended to models of more than two interest rates or that include other economic variables, such as output and inflation, and can be applied under the assumption that interest rates are stationary or integrated of order one, but cointegrated (e.g., Campbell and Shiller 1987, Sarno, Valente, and Thornton 2003) .
Finally, the results here show that the CSP does not necessarily have implications for the predictive power of the term spread for either long-term changes in the short-term rate or short-term changes in the long-term rate. Rather, they suggest that if the EH does not represent the true DGP for the long-term rate, the predictive power of the term spread can be identified only if the other factors that determine the long-term rate are identified and included in the specification of the test.
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